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ABSTRACT
Middle to upper Miocene volcaniclastic strata of the Curre Formation
of southwestern Costa Rica form the upper part of an uplifted forearc
basin sequence deposited between the Middle America Magmatic Arc and the
Middle America Trench.

The rocks consist of first-cycle, quartz-poor

lithic sandstone, conglomerate, breccia, and mudstone.

Detrital modes of

50 sandstone samples from seven stratigraphic sections suggest that the
sediment was derived from an undissected magmatic arc.
ses of plagioclase

Microprobe analy

and augite from 3^ samples indicate calc-alkaline

magma parentage for the volcanic rocks.

The most likely source for the

Curre sandstones was the Middle America Magmatic Arc, today represented
by the uplifted volcanically inactive Cordillera de Talamanca.
The Curre Formation is here divided into k members, A through D
from the base upward.

The members are interpreted as follows:

Member A:

juvenile sediment gravity flow breccia and conglomerate
deposited under conditions ranging from deep-sea
channels to flanks of active volcanoes,

Member B:

shallow marine sandstone, conglomerate, and mudstone
deposited along a narrow unstable island coast,

Member C:

shallow marine sandstone and siltstone and fluvial
sandstone, mudstone, and conglomerate deposited along
a gently subsiding coast, and

Member D:

fluvial and lacustrine volcaniclastic units and interbedded airfall volcanic ash.

The sedimentation history of the forearc basin during middle to upper
Miocene time is represented by the vertical succession of members, A-B-CD, which reflects basin shoaling probably in response to increased sedi
ment input related to active volcanism and plutonism in the volcanic arc
vi i

INTRODUCTION
Forearc basins are elongate structural depressions developed between
volcanic arcs and trenches.

In intra-oceanic arc settings, sediment supply

to the forearc basin and processes of sedimentation are chiefly controlled
by episodic explosive arc volcanism (Sigurdsson et_ al_, 1980) . Sedimentological investigations of ancient introceanic forearc basins have shown
that sedimentary facies reflect changes in volcanism and tectonism in the
arc source terrane (Mitchell, 1970; Donnelly, 1972; Dickinson, 1974 ; Boles,
1974).

In ancient forearc and arc complexes, sedimentological and petro-

logic studies of the sedimentary sequences are commonly complicated by
structure, poor

exposure, metamorphic overprinting, and diagenetic altera

tion.
A recently uplifted, relatively undeformed Tertiary forearc basin
sequence is exposed in the Coast Range (Fila Costena) and Rio General
Valley of southwestern Costa Rica (Fig. 1).

This 3500-meter-thick

sequence of strata is exposed in a structurally downdropped block
referred to as the Terraba Trough (Dengo, 1962b; Henningsen, 1966).
The Terraba Trough is situated between the Cordillera de Talamanca on
the northeast, an inactive segment of the Middle America Magmatic Arc,
and to the southwest, the Osa Peninsula which is composed of uplifted
upper Mesozoic and early Tertiary rocks of the Nicoya Complex that
probably represent a subduction complex (Gall i-O 1iver, 1979; DeBoer,
1979).

The relatively complete sequence of Middle Eocene through

Pliocene strata records the evolution of the volcanic arc prior to its
uplift and dissection in Pleistocene and Holocene time (Phillips, 1983).
1

Figure 1.

General geography and topography of southwestern
Costa Rica.

2

Figure 2.

Regional tectonic elements and structural setting of south
western Costa Rica. Details of inset are shown in Fig. 1.
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Quaternary uplift of the forearc basin sequence has probably occurred at
least in part as a result of the encounter of the aseismic Cocos Ridge
and the Middle America Trench (D. R. Lowe and R. H. Kesel, pers. comm.).
The objectives of this paper are 1) to describe the sedimentology
and the petrology of the upper part of the basin fill represented by the
middle to upper Miocene Curre Formation, 2) to interpret the depositional
environments and the provenance of the sequence, and 3) to relate the
middle to late Miocene sedimentation history to the tectonic evolution of
the magmatic arc.

GEOLOGIC FRAMEWORK AND STRATIGRAPHY
Approximately 3-5 km of middle Eocene to Pliocene strata are exposed
in the Coast Range of southwestern Costa Rica (Dengo, 1962b; Henningsen,
1966).

The Coast Range forms the southwestern limb of an asymmetric fore-

arc basin syncline (Fig. 2).

The axis of the syncline coincides with the

Rio General and Rio Coto Brus Valleys which are flanked to the northeast
by the Cordillera de Talamanca (Fig. 1).

The Tertiary strata of the

Coast Range form a generally homoclinal succession that strikes northwest
and dips to the northeast beneath Quaternary deposits of the Rio General
and Rio Coto Brus Valleys (Henningsen, 1966). Locally, the sequence is
folded, cut by reverse faults, and intruded by dikes, sills, and stocks
of gabbroic composition.
The type section of the Terraba Trough sequence is located along the
Rio Terraba Valley (Dengo, 1962a; Henningsen, 1966; Mora, 1979) (Fig. 1)
and includes four principal rock units:

The Brito, Terraba, Curre, and

Paso Real Formations (Fig. 3). The middle to late Eocene Brito Formation
includes approximately 1000 m of limestone made up largely of coralline
algae and large foraminifera (Henningsen, 1966) that grades upward into
calcareous flysch (Phillips, 1983).

The 01igocene to lower middle Mio

cene Terraba Formation transitionally overlies the Brito Formation (Dengo,
1962a; Henningsen, 1966).

It is approximately 1000 m thick in the Rio

Terraba Valley and is composed of black marine shale in the lowermost part
grading upward into flysch-like mudstone, sandstone, and local conglomer
ate (Henningsen, 1966; Mora, 1979).
5
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Figure 3.

Stratigraphy of Costa Rica (after Weyl, 198O) .
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Conformably overlying or in fault contact with the Terraba Forma
tion is a thick sequence of tuffaceous sandstone, conglomerate, breccia,
and mudstone of the Curre Formation (Dengo, 1962a).

The Curre Formation

is approximately 800 m thick in the type locality between Rio Curre and
Quebrada Escuadra in the Rio Terraba Valley (Dengo, 1962a; Henningsen,
1966) (Fig. 10).

It thins northwestward toward Pilas (Fig. 10), where it

is approximately 300 m thick.

From Pilas the formation thickens north

westward toward Palma (Fig. 10), where it is about 400 m thick.

The Curre

Formation is correlated temporally and lithologically to the middle and
upper Miocene Gatun Formation of Panama and of the Limon Basin in Costa
Rica (Henningsen, 1966).

Along most of its outcrop in the Terraba Trough,

it is overlain by an unnamed Pliocene marine mudstone unit (D. R. Lowe and
R. H. Kesel, pers. comm.) (Fig. 10).

The contact between the two units is

not well exposed.
The Pliocene Paso Real Formation (Dengo, 1962b; Henningsen, 1966)
overlies the Pliocene mudstone unit (D. R. Lowe and R. H. Kesel, pers.
comm.).

The Paso Real Formation consists of about 900 m of volcanic flows,

breccias, and volcaniclastic deposits (Dengo, 1962b).

Resting unconform-

ably on the Paso Real and Curre Formations is a 600 m thick sequence of
debris flow breccias, alluvial fan gravels, and lacustrine deposits of
Pleistocene to Holocene age,named the Brujo Formation (D. R. Lowe and
R. H. Kesel, pers. comm.).
Rocks of the Tertiary forearc assemblage

interfinger to the north

east with frontal arc sedimentary and volcanic rocks of the Cordillera de
Talamanca.

The Cordillera de Talamanca is made up of structurally com

plex and metamorphosed Eocene,O 1igocene, Miocene, and Pliocene, calcalkaline volcanicrocks, local Pliocene alkaline volcanic rocks and asso
ciated sediments (Dengo, 1962b; Pichler and Weyl, 1975; Bellon and Tournon,

8

1978; Weyl, 1980).

Upper M iocene intrusive rocks are widespread and

range from gabbroic to granitic in composition (Weyl, 1957; Ballman, 1976;
Bell on and Tournon, 1978).
Along the Pacific Coast on the Osa Peninsula (Fig. 1), Tertiary
Coast Range strata are faulted against deformed Upper Mesozoic oceanic
basement and associated sedimentary rocks of the Nicoya Complex (Dengo,
1962b).

SEDIMENTARY PETROLOGY
General :
The Curre Formation is composed of quartz-poor, lithic-rich volcaniclastic sandstone, conglomerate, breccia, and mudstone.

Volcanic ash

beds are present in the upper part of the sequence in the northwestern
exposures.

The sedimentary rocks are texturally immature and consist of

moderate to poorly sorted, angular to subrounded detrital grains (Fig.
4). Most can be classified as lithic arenites and feldspathic litharenites (Folk, 1974).

Much of the original pore space of the rocks is

filled with a murky matrix of clay minerals, zeolites, and lithic frag
ments or cement.
The mineralogy of the detrital grains is simple and includes volcanic
lithic grains, plagioclase, and augite.

Quartz is virtually absent and,

when present, it make up less than 1% of the detrital fraction.

It

occurs as polycrystalline quartz in the devitrified groundmass and
vesicles of some volcanic lithics and as monocrystalline quartz of prob
able volcanic origin.

Hornblende is rarely present and biotite is absent.

Plagioclase, making up an average of 25% of the detrital framework
grains, is present as euhedral to subhedral phenocrysts, microlites,
and angular detrital grains (Fig. 4).

Its composition varies from

An27-94 (oligoclase to anorthite), but clusters between An40-55 (andesine to labradorite).

Common features of the plagioclase include albite

and Carlsbad twinning, normal, reverse and oscillatory zoning, resorbed
crystal boundaries, skeletal grains, embayments, and inclusions of
devitrified glass, augite, and apatite.
9

Fresh plagioclase is abundant
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Figure A.

Photomicrographs of volcaniclastic rocks of the
Curre Formation.
a.)

Poorly-sorted, angular to subrounded vitric
(V) grains in a sandy matrix of detrital
plagioclase (P), augite (A), and aphanitic
vitric lithics. Note hyalophitic vitric
grain with g 1omerophytic cluster of plagio
clase and augite in the upper right corner
of the photograph and pumiceous vitrophyric
lithic grain in the upper left corner.
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b.)

Polymictic debris flow breccia containing
vitric lithic debris in a sandy matrix of
detrital plagioclase, augite, and hyalophy
tic vitric lithic grains. Note zeolite
cement (Z) between volcaniclastic grains
in the matrix and along the rim of the
large vitric grain.

12

but some grains show replacement by calcite, zeolites, epidote or albite.
Clinopyroxene averages less than 4% of the detrital fraction of most
samples but exceeds 10% in some of the coarse-grained sandstone and
breccia.

Augite is the only pyroxene present.

It is unaltered and

occurs as euhedra in volcanic lithics or as angular detrital grains
(Fig. 4).

It is commonly twinned and occasionally zoned.

Inclusions

in the augite include euhedra of titanomagnetite a n d blebs of iron sulfide.
Hypersthene, a phenocryst phase of intermediate calc-alkaline volcanics
(Ewart, 1976) is notably absent.

It may be present, however, as micro-

granular grains in the devitrified groundmass of some volcanic lithic
particles.
Rock fragments dominate the detrital fraction, averaging 71% by
volume of most samples studied.
in origin.

They are almost exclusively volcanic

Less than 1% of the lithic fraction is made up of intraba-

sinal mudstone and sandstone clasts.
fragments are absent.

Plutonic and metamorphic rock

Most of the volcanic clasts are andesitic in

composition and characterized by abundant phenocrysts of plagioclase
and, to a lesser degree, augite in a devitrified aphanitic groundmass
(Fig. 4).

Three varieties of lithic fragments, vitric, microlitic

and lathwork, were identified based on textural criteria as outlined
by Dickinson (1970).
Vitric lithic grains make up between 75% and 100% of the lithic
fraction.

All of the vitric grains are devitrified to clay minerals,

zeolites, iron-rich opaque minerals and polycrystalline quartz.

Vitric

textures include devitrified vitrophyric, hyalophytic, and holohyaline
varieties.

Vitrophyric and holohyaline varieties are usually subordinate

to hyalophytic rock fragments.

Hyalophytic lithics are generally
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porphyritic, containing phenocrysts of plagioclase and augite.

They

are characteristic of andesitic lavas (Gill, 1980), rapidly cooled
basaltic lavas (Williams and McBirney, 1979), or pyroclastic ejecta
of intermediate and basic composition.
pumice and scoria.

Vitrophyric varieties include

Pumice fragments contain either tubular or spheri

cal vesicles and are usually replaced by heulandite, laumontite, or
chlorite.

Scoriaceous lithics contain rounded to irregular vesicles

and a black to dark red opaque groundmass.

Pumice is representative

of intermediate to siliceous pyroclastic ejecta, whereas scoria is con
sidered to be of intermediate to mafic composition (Williams and
McBirney, 1979).

Originally holohyaline varieties include glass

shards, perlitic fragments, welded tuff with flow banding, and
accretionary lapilli.

These represent pyroclastic ejecta of inter

mediate to siliceous composition.
Microlitic and lathwork lithic grains make up to 20% and 5% of
the lithic fraction, respectively.

Microlitic rock fragments are

generally nonvesicular and porphyritic.

They are characterized by

pilotaxitic or felty textures that are representative of andesitic
lavas (Gill, 1980).

Lathwork varieties are characterized by inter

granular or intersertal textures and indicative of basaltic lavas in
the source terrane (Williams and McBirney, 1979).

Rare hypabyssal

rock fragments and gabbroic xenoliths are also included within the
lathwork category.
Interstitial matrix usually makes up less than 5% of the samples
selected for modal analysis but forms up to 30% in one fine-grained
sandstone.

In some ash-rich, matrix-supported mudflows, the matrix

content is as large as 70%.

The matrix in the mudflow units is a

14

brownish opaque material composed largely of devitrified glass.
matrix types include varieties described by Dickinson (1970):
rix, epimatrix, and pseudomatrix.

Host
orthomat

Crushed lithic fragments, or pseudo

matrix, were counted as framework grains since relict textures are usually
preserved.
Cement is a common constituent and averages 1A% of the studied
samples.

It is present in amounts up to 37% in well-sorted sandstones.

Cement types include heulandite, laumontite, stilbite, analcite, montmorillonite clay rims, chlorite, calcite, and iron oxide.
The diagenetic history of these rocks is complex.

Early mechanical

crushing of grains due to compaction (Galloway, 1979) is widespread.
Chemical reactions can be grouped according to Surdam and Boles (1979)
into early and late stage reactions.

Early reactions included the forma

tion of clay rims on volcanic lithic and plagioclase grains and altera
tions of volcanic glass to heulandite and clay minerals.

Formation of

heulandite cement was followed by later stage cement types including
laumontite, chlorite and calcite.

Other late stage reactions include

albitization of plagioclase and replacement of volcanic rock fragments,
plagioclase, and matrix by chlorite and calcite.
Methods:
Analysis of detrital modes is useful in determining the petrologic
characteristics and evolution of clastic sedimentary sequences (Dickinson,
1970, 1982; Dickinson and Rich, 1972; Dickinson and Suczek, 1979).

Fore

arc basin sequences are characterized by feldspatholithic sandstone de
rived from undissected volcanic arcs and quartz-rich 1ithofeldspathic
sandstone eroded from dissected magmatic arcs (Dickinson and Suczek, 1979).
Dickinson (1982) has shown similar compositional ranges for mean frame-

15

TABLE 1: Normalized Framework Modes* of Curre Sandstones
Q-F-L

Q-F-L

iQp-Lv-Ls

Sample

SR-28-3
SR-8-8
SR-28-14
SR-25-4
x =

0-18-82
0-19-81
0-18-82
0-14-86
0-17-83

0-100-0
0-100-0
0-100-0
0-100-0
0-100-0

Pi 1-60-3 0-26-74
Pi 1-60-8 0-16-84
Pi 1-60-9 0- 8-92
x = 0-17-83

Pal-12-5
Pal-12-9
Pal-1-5
Pal-1-4
Pal-1-3
Pal-1-22
Pal-1-9
Pal-1-10
Pal-6-13
x =

0-28-72
0-37-63
0-28-72
0-20-80
0-27-73
0-10-90
0-10-90
0-31-69
0-73-27
0-30-70

0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0

Ang-70-3
Ang-2-1
Ang-2-2
Ang-2-11
Ang-2-14
Ang-3-6**
Ang-3-3**
Ang-3-4**
Ang-3-5**
Ang-2-22
x =

0-33-67
0-18-82
0-33-67
0-15-85
0-17-83
0-13-87
0-18-82
0-22-78
0-20-80
0-20-80
0-21-79

0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0- 99-1
0-100-0
0- 98-2
0-100-0
o-loo-o

Mol-3-2
Mol-3-9
Mol-38-4**
Mol-38-6**
Mol-38-7**
Mol-38-8**

0-38-62
0-13-87
0-11-89
0-11-89
0-13-87
0- 9-91

0-100-0
0-100-0
0-100-0
0-100-0
0-100-0
0-100-0

Sample

Qp-Lv-Ls
0-100-0
0- 99-1
0-100-0
0-100-0

Cur-42-13 0-28-72 0-100-0
Cur-7-1
0-46-54 0-100-0
Cur-7-4
0-46-54 0-100-0
Cur-7-5
1-30-69 1- 99-0
Cur-7-6
0-30-70 0-100-0
Cur-7-23 0-21-79 0-100-0
Cur-44-23 0-14-86 0-100-0
Cur-52-2 0-56-44 1- 99-0
Cur-54-2 0-45-55 0-100-0
Cur-53-1 0-51-49 0-100-0
Cur-62-1**0-18-82 0-100-0
Cur-63-l**0-42-58 0-100-0
x = 0-36-64 0-100-0
* - values are recalculated
from original data set
(Appendix I) to sum to
100 percent; Q-F-L =
Quartz-Feldspar-Lithic;
Qp-Lv-Ls = Polycrystal
line Quartz-Volcanic
Lithic-Sedimentary Lithic;
x are mean values for
localities.
**- samples taken from Phillips,
in preparation.
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work modes of sandstone from Circum-Pacific forearc basins and subduction complexes.
This study used methods developed by Dickinson and other workers
(Dickinson, 1970, 1982; Dickinson and Rich, 1972; Dickinson and Suczek,
1979) to characterize the provenance of the Curre Formation based on
detrital sandstone modes.

Petrographic analysis included modal point

counts of 50 representative thin sections (Table 1, Appendix l) from
seven stratigraphic sections.

Host of the samples were medium- to

coarse-grained, but, because of the conglomeratic character of the
sequence, 6 coarser samples were included in the analysis.

Rocks show

ing over 30% matrix or extensive calcite or zeolite replacement were
excluded.

Three hundred detrital framework grains were counted in each

thin section.

Framework grain components, matrix, and cement types were

distinguished using criteria outlined by Dickinson (1970).
In addition, detrital plagioclase and clinopyroxene grains from 34
samples were analyzed by electron microprobe.

At least 2 points on each

grain and from 1 to 3 grains in each sample were analyzed (Table 2).
Results of the Modal Analysis:
A first-cycle undissected volcanic arc provenance (Dickinson and
Suczek, 1979) is suggested as the sediment source for the Curre sandstone
analyzed in this study by:
1)

the abundance of plagioclase and volcanic lithic detritus,

2)

the paucity or absence of quartz, potassium feldspar, and
plutonic, metamorphic, and recycled sedimentary rock frag
ments, and

3)

the angular, poorly-sorted, immature character of the rocks.

Mean detrital Q-F-L (quartz-feldspar-1ithic) modes of the Curre sandstones
(Fig. 5) are similar to those of lithic sandstone representing other

17

Q

Figure 5.

*

Q"F~L (Quartz-Fe1dspar-Lithic) plot of Curre
sandstones according to locality. Parallelograms
are "stacked" with increasing distance from Santa
Rosa in the northwest to Curre in the southeast.
The sequence shows an increase in feldspar to the
southeast, probably reflecting reworking. Mean
values are indicated by open circles. See Table 1
for normalized detrital modes. SR = Santa Rosa,
PAL — Palma, ANG = Angostura, HOL = Mollejones,
JP = Junctus de Pacuar, PIL = Pilas, and CUR =
Curre.

18

Figure 6.

Triangular plots comparing mean detrital modes of Curre
sandstones with other island arc assemblages (after
Dickinson and Suczek, 1979).
a.)

Q-F-L (Quartz-Feldspar-Lithic) plot shows lithicrich character of undissected arc detritus.
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undissected arc-derived volcanic1astic sequences (Crook, 1960; Chappell,
1968; Dickinson, 1971; Boles, 197^; Dickinson et al , 1979; Lundberg, 1982;
Dickinson, 1982) (Fig. 6).

The variety of vitric volcanic lithics indi

cates that the source was made up largely of pyroclastic ejecta and lava
flows of basaltic and andesitic composition.

The most likely source for

this debris was active volcanoes along the magmatic arc, now represented
by Cordillera de Talamanca.

At least two phases of andesitic volcanism

in the Cordillera de Talamanca have been radiometrically dated at 16.9 +2.5 m.y. and 8.3 +
- 0.4 m.y. (Bell on and Tournon, 1978).

These episodes

correlate to major middle and upper Miocene volcanic episodes throughout
the Ci rcum-Pacif ic region (Kennett et al , 1977).
The increase in lithic components (Fig. 5) toward the northwestern
part of the Coast Range coincides with a change from deep marine to
shallow water and terrestrial sedimentation and reflects deposition in
creasingly closer to the source vents.

The corresponding increase in

plagioclase toward the southeast is attributed to the progressive break
down of porphyritic clasts with increased transport distance from the
source.

Davies et al. (1978) have documented similar trends for braided

stream deposits on the flanks of the active Fuego volcano in Guatemala.
The petrologic homogeneity of the sedimentary sequences was shown by
means of a principal component analysis (PCA) followed by a multiple convariance analysis (MANOV) using modal data presented in Table 1.

This

procedure tested the hypothesis that there were significant petrologic
differences among or within localities.
a significant difference ( < = 0.05).

None of the parameters showed

This supports a lack of temporal

and spatial variation within the sedimentary sequences and indicates
that the source rocks were homogeneous throughout middle and upper
Miocene time.

20

Results of the Microprobe Analysis:
Due to the juvenile character and homogeneity of the volcaniclastic
debris and the absence of recycled lithic detritus, electron microprobe
analyses of phenocryst phases, plagioclase and augite, can be utilized to
determine the magma parentage of the source rocks.

This is possible be

cause the phenocrysts typically reflect whole rock composition (Gill,
198l).

Plagioclase is an indicator of magmatic fractionation (Bowen,

1927) and pyroxene is characteristic of source type (Garcia, 1975, 1978,
1979).
Anorthite content of 22 plagioclase samples (Fig. 7) range from
An27 to An94 and cluster between An30 and An55. These values are within
ranges reported by other workers for plagioclase in andesites and ba
saltic andesites (Ewart, 1976, 1982; Gill, 1981).

Calcic plagioclase

crystals with An>90 are interpreted as xenocrysts of cognate precipitates
formed at temperatures in excess of 1300°C (Gill, 1981).
Significant changes in anorthite content are not apparent but there
is a systematic decrease in rim values from about An55 to An27 upward in
the section suggesting an increase in low-pressure fractionation of mag
mas with time.

This is consistent with findings of Pichler and Weyl

(1973, 1975) that the silica content of volcanic rocks in Costa Rica has
increased since the upper Cretaceous and is related to fractional crystal
lization.

Reverse zoning of plagioclase in the uppermost part of the

section shows enr ichment of An content from An30-41, An44-54, and An51-58.
This might reflect magma mixing of the fractionated magma with more
primitive liquids.

Although these trends are generalized for the sedi

mentary sequence, they are consistent with cyclical differentiation
trends of Si02 and magma mixing found in other andesite-producing vol
canoes (Fairbrothers et al, 1978; Gill, 1980).

Stratigraphic Position above base of the Curre Formation (in meters)
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Figure 7-

Anorthite (An) content versus stratigraphic position of
detrital plagioclase from volcaniclastic rocks in the
Curre Formation. Samples show a restricted range in An
content from An30-55 and a slight decrease in An content
of rim values upward. Open symbols represent rim values;
closed symbols represent core values. Only core values
are indicated for unzoned crystals.
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Augite phenocrysts (Table 2) show a restricted range in composition
of Wo36-49 En40-46 Fs7-22. This agrees with values reported by Gill
(1980) for augite phenocrysts cores in andesite.

As demonstrated by

Garcia (1978, 1979). a plot of A 1203 versus Ti02 content for clinopyroxene phenocrysts separates alkaline from nonalkaline pyroxenes (Fig. 8 ).
This is consistent with findings of Pichler and Weyl (1975) that lower
Tertiary volcanic rocks in Costa Rica are largely calc-alkaline in char
acter whereas Pliocene volcanics of the Aguacate Formation are alkaline
to calc-alkaline in composition.
In the Curre section, most of the cl inopyroxene is enriched in Al203
(> 4 %) with respect to those from Palma and Santa Rosa (< 4%).

Localities

between these sections contain augite with a wide range of values generally
less than 5% A l203.

All of the augites have a similar TiO2 content

(< 0.78%) with the exception of a zoned phenocryst (Samples 2-22, Table 2)
which has core and rim values of 0 .52% and 1.06%, respectively.
Orogenic andesites typically contain c 1inopyroxene with low concentrations
of A i203 and Ti02, <3% and <O.75%, respectively.

The variable An content

of augite in this study is probably related to spatial differences in
magmas along the arc.
A plot of pyroxene end-members (Wo-En-Fs) is utilized to distinguish
between tholeiitic and calc-alkaline magma parentage (Garcia, 1975, 1978,
1979).

Tholeiitic rocks typi cally show iron enrichment whereas calc-

alkaline rocks show limited iron-enrichment for a fractionated series
(Irvine and Barager, 1971; Ewart, 1976).

C 1inopyroxenes from 3A samples

(Fig. 9) show strong affinities to those from other calc-alkaline series.
(Ewart, 1976, 1982; Garcia, 1978, 1979; Gill, 1981; Kosco, 1981).

TABLE 2: Representative Microprobe Analyses of C 1inopyroxene
from Volcaniclast ic Rocks of the Curre Formation
Sample

Si o2

SR-28-3
SR-28-U
Pal-12-9
Pal-1-9
Pal -6-1*
Ang-2-1
Ang-2-22D
Ang-2-22D*
Ang-2-22B
Ang-2-22B*
Ang-2-26
Mol-3-2
Mol-3-9
Mol-3-9*
JP-10-8
Pi 1-60-3
P i1-60-8
Pi 1-60-9
Cur-7-1
Cur-7-1*
Cur-7-23

52.1*1
50.92
51 -7^4
51.15

A 12°3

FeO

1.7** 10.1*6
3.97 7.91
1.88 9.73
3.86 6 .21*
52.16 1.69 10.21
53.25 1.39 10.83
*9.13 8.88 7.1*i
1*9.01 6.79 6.87
52.85 1.52 9.88
51.25 3.25 10.1*0
50.93 3.72 7.80
1*9.85 l*.1*6 7.62
i*7-71* 6.78 7.67
51.37 2.81 9.67
52.20 1.52 11.58
51 .00 3.31 8.88
51.53 2.16 11.68
50.95 *♦.76 6.20
50.00 5.62 5.2A
1*9.62 5.60 7.03
50.86 1*.1*0 5.58

MgO

CaO

15.29
15-32

19.30
21.16
19.01*

16.92

16.96
16.12

15.76
15.26
15.26
16.28
16.16

15.79
15.52
15.33
16.02
15.60

16.1*3
15.88

16.21
16.61

15.58
16.78

Na20

Ti02

Tot

0.32 0 .1*8 100.00
0 .21* 0.1*7 99.99
0.27 0.1*3 100.01
21 .26 0.20 0.32 99.99
19.06 0.33 0 .1*2 99.99
18.01* 0.32 0 .1*0 99-99

18.5**

21.18
18.56

17.39
21.03
21 .91
21.61

19.33
18.36
19.55
17.91
21.27

0.1*9
0 .21*
0.39
0.1*3
0.30

0.23
0.23
0.23
0.32

0.27
0.31

22.08
21.38

0.22
0.16
0.20

21.89

0.15

0.55 99.99
0.61* 99.98
0.52 100.00
1.11 99.99
0.1*3 100.00
0 .1*1 100.00
0.63 99.99
0.52 99.95
0 .1*1 99.99
0.56 100.00
0.52 99.99
0.38 99.99
0.28 99.99
0.60 100.01
0.35 100.01

Standards used for comparison:
Kakunui augite (New Zealand) - Smithsonian Collection
Johnstown hypersthene - Smithsonian Collection
* rim value reported for zoned crystal; otherwise
values reported are for cores of crystals.

Ti02 (Wt. % )

AI20 3(Wt. %)
Figure 8.

versus T i c o n t e n t of detrital cl inopyroxene from volcaniclastic rocks of the
Curre Formation (after Garcia, 1978, 1979). Curve separates alkaline from nonalkaline
pyroxenes. Samples from this study are nonalkaline in composition but show some
differences in A12 0 3 content according to locality.
N>
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Figure 9-

Pyroxene quadrilateral showing composition of clinopyroxene from the Curre Formation. Magma series trends
differentiate among calc-alkaline (CA), tholeiitic (Th),
and alkaline (Aik) clinopyroxenes (after Garcia, 1978,
1979). C1inopyroxenes from this study plot in the calcalkaline field and show limited iron-enrichment. Com
position of clinopyroxenes according to locality are
shown in separate parallelograms.

SEDIMENTOLOGY
Based on seven partial sections measured along the northeast margin
of Coast Range between Santa Rosa in the northwest and Curre to the south
east (Fig. 10), the Curre Formation here is divided into 4 members, A
through D from base to top (Fig. 11).

Each individual member is further

divided into lithofacies.
Member A :
Member A, which crops out throughout the Terraba Trough, is composed
of massive volcaniclastic breccia and conglomerate.

Where the basal con

tact is exposed, rocks of member A conformably overlie or are in fault
contact wi th turbidites of the Terraba Formation.

Member A is subdivided

into 3 lithofacies, A1 through A3 (Fig. 12).
Lithofacies A 1:
Lithofacies A 1 consists of thick-bedded to massive, poorly sorted,
matrix- to clast-supported volcaniclastic breccia (Fig. 12a, b, c).

It

occurs only in the northwesternmost sect ions studied. At Palma, at least
100 m of breccia interstratified with sandstone and conglomerate of litho

facies
(Fig. 11).

overlie coarse-grained turbidites of the Terraba Formation
Here, the middle part of the section is poorly exposed but

appears to be composed of rocks of lithofacies B^. The breccia units
thicken to the northwest toward Santa Rosa, where over 150 m of section
are present (Fig. 11).

The base of the section was not seen at Santa

Rosa, however, lithofacies A1 may be much thicker.

In the upper part of

the section, the breccia units are overlain by rocks of lithofacies D1 .
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Figure 10

Location map of measured sections of the Curre
Formation. Dashed line indicates the approxi
mate boundaries of the Curre Formation in the

ro

CD

Figure 11.

Generalized stratigraphic columns of the Curre Formation.
Section locations are indicated in inset and in Fig. 10.
Members are shown by the letters A, B, C, and D. Solid
lines indicate inferred lateral correlations and dashed
lines indicate faults. See Appendix II for detailed
stratigraphic sections. Only the lower 425 m of the
Curre section is shown in this diagram.

SANTA ROSA

PALMA

oo
o

31

Breccia units are also exposed at Mollejones where at least 25 m are pre
sent (Fig. 11).

These deposits overlie turbidites of the Terraba Forma

tion. but the basal contact is not exposed.
facies

The upper contact of litho

is not exposed, and these deposits probably grade upward into

rocks of lithofacies

.

At Santa Rosa, most of the breccia units are polymictic and range
from 3 to over 25 m thick.

They are composed of from 30% to 80% angular

to subrounded, matrix- to clast-supported clasts of volcanic rocks set
in a matrix of volcanic1astic sand and mud (Fig. 12a).

The clasts aver

age less than 9 cm in diameter and include pyroxene-andesite flow rocks
and pumaceous to scoriaceous vitric material.

Some of the breccia beds

contain blocks of volcanic1astic sandstone and mudstone up to 1.1 m in
diameter.

About 15% of the breccia units are oligomictic and consist

of 20 to 40% clasts of vitric volcanic rock, including pumice, tuff and
accretionary lapilli, set in a bluish-green or murky brown ash-rich mat
rix.

Clasts in these units are generally less than 5 cm diameter.

None

of the breccia units at Santa Rosa contain fossils or woody material.
Most of the sedimentation units have sharp bases and are normally graded
from pebble to cobble breccia at the base to granule breccia or very
coarse-grained sandstone at the top.
At Palma, units of blocky poorly-sorted, clast- to matrix-supported
polymictic breccia (Fig. 12b) are interstratified with thick beds of
trough cross-bedded to flat-laminated sandstone and conglomerate that
locally contain Pecten, foraminifera, and vertical burrows.

In the lower

100 m of the section, sedimentation units average 2 to 3 m thick.

Strati

fication and grading in the breccia are absent or poorly developed, but
imbrication of platy clasts is locally present.

Paleocurrent analysis

of the oriented clasts (Fig. 12b) reveals transport directions mainly

MEMBER

Lithofacies

A1
,

A

Lithofacies A 2

Lithofacies A 3

Representative stratigraphic sections of Member
locality. Member A is divided into lithofacies
text for description).
v-o

hO
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from the northeast and northwest.

Clasts in the polymictic breccia are

similar in lithology to those at Santa Rosa.

The sandy matrix of these

units is commonly rich in plagioclase and pyroxene.
Poorly-sorted, polymictic clast-supported breccia units at Mollejones
(Fig. 12c) are similar in lithology to those at Santa Rosa and Palma.
Pumice clasts and large pieces of carbonized wood are common in these
units.

Most beds are sharp-based and normally graded to structureless.

They are separated by beds averaging 10 cm thick of well-sorted, flatlaminated, fine-grained sandstone.
beds fine and thin upward.

Within the sequence as a whole, breccia

The upper 5 m of the section consists of sandy

turbidites averaging 20 cm thick and include a medium- to coarse-grained
Ta division at the base overlain by a f1at-laminated, medium- to finegrained Tb interval.
Poorly-sorted matrix- to clast-supported breccia of lithofacies A1
represent volcanogenic debris flow deposits.
debris are generated in arc settings.

Large volumes of pyroclastic

Flowage of this debris down the

volcano flanks and into adjacent marine basins is common (Fiske, 1963;
Fiske and Matsuda, 1964; Mitchell, 1970; Cas, 1979; Sigurdsson et al,
1980; Turner and Hughes, 1982; Sigurdsson, 1982).

The debris was derived

from volcanic sources located to the north of Santa Rosa, as suggested by
paleocurrents and a general thickening of lithofacies

in that direction.

The lack of marine deposits at Santa Rosa and the abundance of vitric de
bris suggest that eruptions were probably subaerial and explosive.

Com

positional homogeneity of the oligomictic breccias, angularity of clasts,
and preservation of delicate vitric debris are consistent with rapid
deposition of juvenile volcanic debris concurrent with or following ex
plosive volcanism.

The restriction of oligomictic breccias to areas at

the northwest end of the Rio General Valley reflects close proximity to
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the vent.
Blocky polymictic matrix- to clast-supported breccia units are inter
preted as pyroclastic or epiclastic debris flows.

Clast diversity is due

to the incorporation or cognate and epiclastic debris during flowage on
vent and subaqueous slopes.

The debris flows were probably deposited in

pyroclastic aprons flanking the volcanic cones.

Toward the southeast,

these lobes extended into the adjacent shallow marine basin.

Further to

the southeast at Mollejones, the upward fining and thinning of the se
quence and the juxtaposition of the debris flows above turbidites of the
Terraba Formation suggest that the debris flows were deposited in an en
vironment well below wave base.
LithofaciesA
2

:

Clast- to matrix-supported breccia of lithofacies A2 is composed of
angular to subrounded volcanic debris similar in lithology to polymictic
breccia of lithofacies A1 .

In lithofacies A 2 , however, breccia units are

interstratified with bioturbated to flat-1aminated volcanic1astic sand
stone and mudstone (Fig. 12d) , that locally contain foraminifera.
association is found only at Pilas (Fig. 10).

This

Here, the lower 160 m of

the Curre Formation consists of approximately 30% breccia, 40% mudstone,
and 30% sandstone (Fig. 11).
The average thickness of breccia beds is about 3 m with a maximum of
8 m.

The basal contacts are sharp and often scoured into the underlying

mudstone and sandstone.

Individual sedimentation units consists of a

structureless clast-supported base, from 40 cm to 1.5 m thick, grading
upward into matrix-supported breccia from 60 cm to 6.5 thick.

The clasts

average less than 6 cm in diameter and reach a maximum of 25 cm in some
of the matrix-supported units.

Interstratified bioturbated mudstone
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beds range from 10 cm to 1.2 m thick.
ium-grained and moderately well-sorted.
less than 50 cm thick.
are common.

Sandstone beds are fine- to med
They show sharp bases and average

Included fragments of Pecten and carbonized wood

Most are massive or f 1at-laminated; however, some show normal

grad ing.
Clast- to matrix-supported breeds units of lithofacies A2 are
interpreted as pyroclastic or epiclastic debris flow deposits.

The abun

dance of bioturbated fossi1iferous mudstone in the sequence and the ab
sence of coarse-grained, current-deposited sandstone and conglomerate
suggest that the debris flows represent periodic incursions of coarse
grained debris into a deep-water marine, possibly marginal slope, environ
ment developed adjacent to the volcanic arc.

Sharp-based sandstones re

present similar influxes, possibly as turbidity currents.
Volcanicl astic sandstone, breccia, and conglomerate interstratified
with deep-water hemipelagic mudstone in the Lower Devonian Kowmung volcaniclastic sequence represent deep-water sediment gravity flow deposits
(Cas et al , 1981).

This sequence was deposited in submarine volcaniclastic

aprons flanking an emergent volcanic arc and probably represents deposits
similar to lithofacies A2 .
Li thofacies A3;
Lithofacies A3 is composed of thick-bedded to massive, clast-supported,
granule to pebble conglomerate (Fig. 12e).

It is well-exposed in the

lowest 160 m of the Curre section where it is in fault contact at the base
with turbidites of the underlying Terraba Formation (Fig. 11).
At Curre, the conglomerate is polymictic and consists of moderately
well-sorted, subangular to rounded volcaniclastic debris and abundant
mollusc and gastropod shell fragments and carbonized woody material.
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Individual sedimentation units average 2 to 3m thick.

Most are sharp-

based and normally graded from pebble or granule conglomerate at the base
to granule or very coarse-grained sandstone at the top.
tureless.

Others are struc

There is a gross upward fining of this sequence with pebbly

conglomerate more abundant in the lower 60 m of this section.

In the

upper 100 m, granule conglomerate predominates and is interstratified up
ward with thick bedded, medium-grained, bioturbated to f 1at- l aminated
sandstone of lithofacies B2.
Clast-supported, normally graded conglomerate of lithofaciesA
3
represents submarine sediment gravity flow deposits.

They correspond to

the normally graded and disorganized conglomerate types of Walker (1977,
1978, 1980).
The presence of shelly debris and well-rounded clasts in the A 3 con
glomerate at Curre suggests that the debris was reworked, probably in a
shallow marine environment, prior to transport and deposition in deep
water.

Similar coarse-grained sandstone units are described in the

Devonian Merrions Tuff Formation of Australia (Cas, 1979).

These units

contain shallow-water fauna and are interpreted as rapidly-emplaced,
deep-marine, high-density turbidity current deposits of shallow-water
epiclastic and pyroclastic debris.
The overall upward fining trend in the A 3 conglomerate is consistent
with deposition in a submarine channel.

Interstratification of conglo

merate with bioturbated sandstone of lithofacies

in the upper part of

the sequence suggests filling of the channel and shoaling of the sequence.
Member B:

MEMBER

Lithofacies

aAngostura
Figure 13-

B]

B

Lithofacies

B2

b.Curre
Representative stratigraphic sections of
Member B according to locality. Member B
is divided into lithofacies B 1 and B2 (see
text for description).
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clastic sandstone, conglomerate and mudstone.
into two lithofacies,
Lithofacies

and

This member is subdivided

(Fig. 13).

:
1
B

Lithofacies B 1 is composed of angular to subrounded, vitric-rich
vo 1canic1astic sandstone, conglomerate, and mudstone arranged in poorly
developed coarsening-upward cycles which individually range from b to
35 m thick.

Cycles (Fig. 13a) are characterized in the lower part by

thin- to mediurn-bedded, bioturbated to horizontally burrowed mudstone
interbedded with well-sorted, fine-grained sandstone.

Mudstone beds are

locally fossi1iferous, containing foraminifera and mollusc fragments.
Sandstone beds are flat-laminated, show sharp bases, and commonly contain
horizontal burrows in the upper 3 to 10 cm.

These interbedded units pass

upward into medium to thick beds of poorly-sorted, medium- to coarse
grained sandstone and granule to pebble conglomerate.

Sedimentary

structures in the sandstone and conglomerate beds include flat-lamination
and trough to tabular cross stratification.

Many of the beds contain

Pecten, foraminifera, and Ophiomorpha burrows that range from 1.5 to 3 cm
in diameter.

This coarser interval is commonly interstratified with sharp-

based, locally erosive, pebble conglomerate and breccia beds up to 1.5 m
thick.

The conglomerate and breccia beds are poorly-sorted, clast-sup-

ported, ungraded, and locally crudely stratified.

The upper part of some

cycles is commonly capped by a bed, up to 2.5 m thick, of bioturbated
fossi1iferous, medium-grained sandstone.

Fossils include gastropods

molluscs, foraminifera, and palm-like roots, nuts, and wood chips

Trace

fossils include, vertical burrows, mainly Ophiomorpha. and subvertical
burrows, up to 30 cm in length.
This 1ithofacies is present from Palma in the northwest toP
n
s
a
l
i
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the southeast (Fig. 10).

At Palma, this lithofacies make up 15% of the

exposed lower 100 m of the section (Fig. 11).
with debris flow breccia of lithofacies
cross-bedded conglomerate and sandstone.

Here, it is interstratfied

and composed largely of trough
At Angostura, lithofacies

includes at least 100 m of sandstone, conglomerate, and mudstone.

It

includes a 7 m thick fining-upward channel sequence near the top.

At

Junctus de Pacuar, it is made up of at least 15 m of mollusc-rich sand
stone overlying a debris flow breccia that is at least 14 m thick.

At

Pi las, it includes at least 90 m of bioturbated mudstone interbedded with
flat-laminated sandstone.

Trough cross-stratification is uncommon in

the Pilas section; it is only present within sandstone units, averaging
about 2 m thick, with scoured bases.
Paleocurrents from cross-beds and oriented plant fragments on the
surface of sandstone beds in the Angostura and Palma section (Appendix II,
strat. sections) are consistent with paleocurrent directions of A 1 debris
flow breccias.

Paleoflow directions from cross-beds suggest unidirec

tional flow from northwest to southeast.
NW-SE trend.

Lineated plant fragments have a

Paleocurrents indicate that the volcaniclastic debris near

Palma and Angostura was derived from arc volcanoes in the northwest.
The bioturbated to current-deposited, fossi1iferous units of
lithofacies

are interpreted as shallow marine deposits.
1
B

The upward

coarsening, thickening, decrease in bioturbation, and increase in the
abundance and scale of traction structures suggests a general shoaling
and probably represents a gradual seaward progradation of the coast.

The

sediment was probably deposited on a narrow shelf bordering arc volcanoes.
Cross-bedded to massive nearshore volcaniclastic sequences deposited in
other island arc settings are characterized by poorly-sorted, coarse
grained sediment (Mitchell, 1970; Donnelly, 1972; Boles, 1974 , Sigurdsson,

*40

1980; Hilyard, 1981; Turner and Wright, 1982) similar to that of litho
facies B 1.
Coarsening-upward cycles in the Eocene Coaledo Formation at Coos Bay,
Oregon, represent part of a prograding Eocene deltaic complex deposited on
a narrow forearc basin shelf (Dott, 1986; Dott and Bird, 1979).

These

cycles show a coarsening-upward trend similar to those in lithofacies B1.
The lower portion of cycles in both sequences is characterized by alternat
ing burrowed mudstone and fine-grained sandstone.

In the Coaledo Formation,

the sandstone beds commonly contain hummocky cross-stratification, shallow
scours, and burrowed tops.

They are interpreted as wave-produced, storm

deposits of a be 1ow-wave-base environment off the front of a prograding
deltaic complex (Dott and Bird, 1979; Dott and Bourgeois, 1982).

A

similar storm-generated origin is suggested for the sharp-base sandstone
beds of lithofacies B1, although hummocky cross-stratification was not
seen.

In the Coaledo Formation, the alternating mudstone and sandstone

units pass upward into thick beds of cross-bedded sandstone and conglo
merate similar to that in the middle and upper part of cycles in litho
facies B1. They are interpreted as distributary sands of a proqrading
constructional delta complex (Dott and Bird, 1979).

Other coarsening-

upward cycles are commonly capped by a thick bed of bioturbated and shellrich, coarse-gra ined sandstone, which resembles that in the upper part of
B1 cycles.

They are interpreted as distributary mouth bars and destruc-

tional delta margin deposits (Dott and Bird, 1979).

The similarities

between progradational cycles of lithofacies B1 and those in the Coaledo
Formation suggest that lithofacies B1 was deposited along a progradinq,
possibly deltaic, shoreline.

Lithofacies B1 probably also accumulated

as deltaic lobes that prograded into shallow marine system from the
flanks of arc volcanoes.

The textural immaturity of the sediment of lithofacies

indicates

rapid deposition followed by little reworking in the marine environment.
The sediment was derived primarily from active volcanoes in an emergent
island arc.

Instability on the shelf is indicated by the presence of

interstratified sharp-based conglomerate and breccia beds.
tus de Pacuar and Palma sections, lithofacies

In the June-

is interstratified with

debris flow breccia that suggest continuing active volcanism.
Lithofacies

:
2
B

Lithofacies B2 is present only in the Curre section where it includes
at least 250 m of subangular to rounded, tuffaceous sandstone and conglo
merate arranged in poorly developed coarsening- and fining-upward cycles
(Fig. 12).

it grades downward into conglomerate of lithofacies A^.

The

upper part of the section is faulted against lower Middle Miocene rocks
of the Terraba Formation.
Coarsening-upward cycles (Fig. 13b) are similar to those of litho
facies

and range from 10 to over 50 m in thickness.

They include a

thick interval of fossi1iferous, bioturbated, fine-grained sandstone and
mudstone at the base passing upward into thin beds of moderately wellsorted, flat- and ripple cross-1aminated sandstone.

The upper part of a

cycle is characterized by thick beds of moderately well-sorted, subangular
to rounded, medium- to coarse-grained sandstone and granule conglomerate
that show flat-lamination or tabular to trough cross-stratification.
Fining-upward cycles average 6 m thick and are commonly scoured
into sandstone of the underlying coarsening-upward cycle.

These

fining-upward cycles consist of poorly-sorted, angular to subrounded,
pebble to granule conglomerate at the base.
are structureless and average 70 cm thick.

The conglomerate beds
Most of the units fine and

thin upward into medium- to thick-bedded trough cross-bedded sandstone
interbedded with lenticular, structureless to planar-bedded granule con
glomerate.
Thick coarsening-upward cycles of lithofacies
lithofacies

resemble those of

and reflect deposition in a shallow marine nearshore to off

shore environment.

In B1 , however, debris flow breccias are absent and

the sediment is texturally more mature, possibly reflecting a longer trans
port history or reworking in the shallow marine environment.

In addition,

coarsening-upward cycles are commonly capped by a fining-upward cycles
that are interpreted as braided stream deposits.

Braided streams of the

Samala River on the flanks of the active Santiaguito-Santa Maria volcanic
complex of Guatemala are characterized by rapidly shifting braided stream
channels that transport sand and cobble bed load (Kuenzi et^ £]_, 1979).

A

combination of locally steep, unvegetated slopes and conditions of tor
rential rainfall following a period of active volcanism causes an increase
in the rate of sediment supply to the fluvial system and results in delta
progradation at the river mouth in the forearc basin (Kuenzi et_ a_l_, 1979).
A similar system is suggested for lithofacies B 2 . The channel deposits
are, in part, subaqueous and resemble those of the transitional zone of
the active Yallahs fan delta developed along an island arc coast in south
east Jaimaica (Wescott and Ethridge, 1980).

In the transition zone,

fluvial deposits are modified by marine processes and interfinger with
marine deposits (Wescott and Ethridge, 1980).

The submarine part of the

fan delta is characterized by a steep island slope with heads of submarine
canyons, a narrow island shelf, and patch reefs (Wescott, and Ethridge,
1980).

The nearshore to offshore sequence of the island shelf is similar

to that found in progradational cycles of B2 .

It consists of nearshore
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pebbles and cobbles passing seaward into coarse-grained sand waves form
ing subparallel to the shoreline and grading into asymmetric longshore
current ripples and finally into bioturbated sediment (Wescott and
Ethridge, 1980).

The sequence of submarine fan-delta deposits of litho

facies B2 overlying submarine channel deposits of lithofacies

is con

sistent with prograding humid-region fan-delta deposits suggested by
Wescott and Ethridge (1980) to be characteristic of island arc shelves
and slopes.
Member C :
Member C consists of over 85 m of angular to subrounded, carbonaceous,
volcanic1astic sandstone, siltstone, mudstone, and local conglomerate.

This

sequence is present only in the upper part of the Angostura section where
it overlies lithofacies

(Fig. 11).

It is distinguished from litho

facies B1 by an abundance of carbonaceous material, by the absence of con
glomerate except in fining-upward cycles and by the paucity of marine
fauna and bioturbation.
The lowest 60 m of member C (Fig. 14

is made up of interbedded car

bonaceous siltstone and fine- to medium-grained sandstone.
beds contain sparse foraminifera and mollusc fragments.

Some of the

Bluish-grey

siltstone beds are 5 to 10 cm thick and make up 15% of this interval.
They are flat-laminated and commonly burrowed.

Interbedded greenish-gray,

moderately well-sorted, medium- to fine-grained sandstone beds are 25 cm
to 2 m thick with sharp upper and flat to irregular basal contacts.
Stratification is poorly developed in the sandstone; however, some show
flat-lamination, ripple cross- l amination

and trough cross-stratification

The upper 25 m of this sequence is characterized by composite fining
upward sequences that show scoured based.

Cycles consist of thick beds,

MEMBER C

10-i

5-

0 -J

Angostura
Figure 14.

Representative stratigraphic section of Member C
from the Angostura section (see text for descript ion).

up to 2.5 m thick, of pebbly conglomerate that fines and thins upward
into trough cross-bedded to flat-laminated, medium-grained sandstone.
These beds are commonly separated by thin to thick beds of unfossiliferous,
tan to black mudstone.

Mudstone beds range from 5 cm to 1 m thick.

The current-deposited, fossiliferous sandstone and siltstone in the
lowest part of member C interpreted as marine deposits.

They are similar

to sandstone beds in the middle and upper part of cycles in lithofacies
B1. These marine deposits of member C are overlain by cycles of currentdeposited conglomerate and sandstone at the base fining upward into car
bonaceous-rich mudstone at the top.

The absence of marine fossils in the

mudstone, unlike fossiliferous mudstone of member B, the abundance of
carbonized woody debris and the upward decrease in energy recorded by the
fining-upward cycles suggest that these units represent fluvial deposits.
Overall, member C is interpreted as a pregradational marginal marine
sequence with nearshore marine sandstones and siltstones overlain by
fluvial deposits.
Member D :
The uppermost member of the Curre Formation in the Santa Rosa, Palma,
and Angostura sections consists of at least 20m of maroon volcaniclastic
sandstone and mudstone interstratified with bluish-green volcanic ash
(Fig. 11).

At each locality, member D overlies a thick debris flow

breccia of lithofacies A1. Two lithofacies,

and D2 , are recognized
1
D

in member D.
Lithofacies

:
1
D

Lithofacies D1 is present only at Santa Rosa and incl udesapproxi mately 20 m of thin-bedded laminated ash interstratified with thin-bedded

MEMBER

Lithofacies D 1

Figure 15.

D

Lithofacies D 2

Representative stratigraphic sections of
Member D according to locality. Member D
is divided into lithofacies D. and D~ (see
text for description).
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vitric-rich sandstone (Fig. 15a).
of lithofacies

It overlies 18 m of debris flow breccia

and is overlain by coarse-grained feldspathic sandstone

of 1ithofacies D2.
This sequence includes beds of bluish-green to maroon ash from 1 cm
to 10 cm thick.

The ash is commonly crystal-rich, containing up to 15%

plagioclase grains.

Interbedded sandstone is composed of poorly-sorted,

angular pumice clasts in an ash-rich matrix.

Sandstone beds range from

5 to 30 cm thick and are commonly normally graded from medium-grained
sandstone at the base to very fine-grained sandstone at the top.

All of

the beds of this lithofacies lack traction structures and fossils.

Bed

ding is extremely flat and even.
The fineness and evenness of layering and the lack of scour and
marine fauna suggest that the sediment of lithofacies

was deposited

under low energy conditions, possibly in a lake or pond.

Kuenzi et a 1

(1970) describes lakes bordering rapidly shifting braided stream channels
on the slopes of the active Santa Maria volcano in Guatemala.

These lakes

average 10 to 15 m deep and are filled with organic-rich muds derived
from local slope wash, stream discharge, and decaying vegetation.
suggested that the vitric-rich sandstone layers of

It is

were introduced into

a low-energy ponded area by local drainage and settled out from suspension
to produce the normally graded layers.

The presence of ash indicates that

the source was volcanically active during this period and much of the ash
was probably introduced into the pond as air-fall material.
Lithofacies D2:
Lithofacies D2 is made up of over 20 m of trough cross-bedded to
flat-laminated, medium- to very coarse-grained, feldspathic sandstone
interstratifled with thick-bedded maroon mudstone and thin- to medium-

bedded volcanic ash (Fig. 15b).

It is present in the uppermost part of

the Palma and Angostura sections where it overlies a thick debris flow
breccia.
At Palma, lithofacies

is at least 20 m thick.

It is characterized

in the lower part by medium- to coarse-grained sandstone beds from 20 cm
to 1 m thick.
feldspar.

Many are well-sorted and composed of over 70% plagioclase

Others are poorly-sorted and contain large pieces of carbonized

wood, but otherwise lack fossils.

Sandstone beds commonly show flat-

laminations or trough cross-beds.

Interstratified unfossi1iferous mud

stone is composed of less than 10% vitric clasts, up to 1 cm in diameter,
in a muddy ash-rich matrix.

Beds are 1.5 to 3 m thick.

Although strati

fication is poorly developed in these units, clast-rich horizons are
present.

Interbedded bluish-green to tan ash beds average 20 cm thick

and are stratified into plagioclase-rich and -poor layers.

There is an

overall fining-upward trend in this sequence with sandstone more abundant
in the lower 10 m and mudstone beds more numerous in the upper 10 m.

Ash

is present throughout but tends to increase in thickness upward in the
section.
At Angostura, this lithofacies is poorly exposed and consists of
over 30 m of interbedded sandstone, mudstone and volcanic ash similar to
that at Palma.
Lithofacies

is interpreted as a fluvial sequence.

The fining-

upward trend from current-deposited sandstone at the base to unfossiliferous mudstone at the top records a decrease in the energy of the system
and is possibly related to rapid switching and abandonment of fluvial
channels on the flanks of active volcanoes, like those described on the
active Fuego volcano in Guatemala (Kuenzi et a],

1979).

Reworking of

crystal-rich ash by currents resulted in the deposition of well-sorted
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feldspathic sandstone.

The mudstone was deposited from suspension or by

low-energy currents after channel abandonment.

Ash was introduced pri-

marily as air-fall material during episodic eruptions.

DISCUSSION
Tertiary strata of the Coast Range of southwestern Costa Rica were
deposited in a northwest-southeast trending forearc basin located between
the Middle America Magmatic Arc and the offshore Middle America Trench.
The Eocene through Miocene sequence forms a single major transgressiveregressive cycle.

Middle to upper Eocene shallow water carbonates of the

Brito Formation are succeeded by deeper-water mudstone and sandstone of
the Oligocene and lower Miocene Terraba Formation (Phillips, 1983).

The

overlying middle and upper Miocene Curre Formation records shoaling from
proximal submarine channel and marginal slope deposits at the base to
shallow marine and, locally, terrestrial deposits in the upper part.
Petrologic study of the Curre Formation provides the basis for evalua
tion of arc magmatism during middle and late Miocene time.

The bulk of the

debris in the Curre Formation represents juvenile volcaniclastic material.
Detrital modes of Curre sandstones indicate that thearcwas relatively
homogeneous and undissected during the middle and upper Miocene interval
of sedimentation.

The abundance and diversity of volcanic lithic frag

ments suggest that the source included pyroclastic flow and air-fall de
posits and lava flows of andesite and basaltic andesite composition.

The

parent magmas were largely calc-alkaline and show some evidence of frac
tionation.
Stratigraphic sections in the study area represent an oblique view
of the northeast-southwest trending forearc basin (Fig. 16).

Regionally,

the 400 to 800 m thick sequence documents shoaling from proximal deep-sea
channel deposits to shallow marine and terrestrial sediments.
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The evolu-

SE
Figure 16.

Generalized pa 1eogeography and paleoenvironments of the Curre
Formation. Sections with members indicated by the letters A, B,
C, and D represent an oblique view of the northwest-south
east trending forearc basin.
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tion can be divided into 4 stages corresponding to Member A through D.

A

summary table of members is presented in Table 3.
The base of the Curre Formation is marked by sediment gravity flow
deposits of member A.

In the northwest part of the study area, rapid

transport and deposition of juvenile volcaniclastic debris concurrent with
or immediately following explosive volcanism is indicated by the abundance
of textually and minera1ogica11y immature debris flow breccias.

Paleo-

current and thickening trends indicate that the volcanic source lay to the
north of Santa Rosa.

Member D overlies member A in that area.

To the

southeast, the debris flow units are interstratified with marine shelf and
slope deposits.

These appear to include a narrow island shelf at Palma

and deep-marine channel and marginal slope deposits at Mollejones and
Pilas, respectively.

Further to the southeast at Curre, debris flow

breccia is absent and the base of the section is characterized by clastsupported conglomerate.

The textural maturity of the conglomerate re

flects reworking of the sediment in a shallow marine system prior to trans
port and deposition by sediment gravity flows in submarine channels.

The

extensive working of this material prior to deposition and the absence of
fresh volcaniclastic and pyroclastic material may indicate less active
volcanism along this part of the arc source during Curre deposition.
Progradation of the shallow marine system represented by sediment of
member B was variable along the narrow island shelf.

In the northwest

part of the study area, progradation of pyroclastic aprons into the
shallow marine environment occurred rapidly in response to an increased
rate of sediment supply to the basin.

This was probably caused by con

tinuation of volcanism in the source to the north of Santa Rosa.

The

sediment shows little evidence of reworking by marine processes and re
sembles juvenile debris of member A.

Paleocurrent indicators at Palma

TABLE 3:

C h a r a c t e r i s t i c s o f Members o f the Curre Formation

A

B

C

D

THICKNESS:

25+ to 150+ m

15+ m to 250+ m

85+ m

20+ m

OCCURRENCE:

Base of Curre
Fm. throuahout the Terraba
T rough

Middle of the
Curre Fm. from
Palma to Curre

Loca1ly, in
the UDDer Dart
of the Anqostura loca1ity

LocalIv. in the
uoDermost Dart
of the NW localities
of Santa Rosa, Palma
and Angostura

LITHOLOGY:

FOSSILS:

Volcaniclastic
sediment gravity
flow breccia and
conglomerate;
uni ts are matrixto clast-supported; units are
from 1 m to over
30 m thick

C. U. cycles, from
3 m to over 50 m
thick, of volcaniclastic sandstone,
mudstone, and conglomerate; C. U. cycles
are commonly capped
by F. U. cycles of
conglomerate and
sandstone, mudstone
units are commonly
bioturbated and sand
stone and conglomerate
show flat-laminations
and trough to tabular
cross-strat ificat ion

The lower 60 m
consists of
interbedded
carbonaceous
volcaniclastic
s i1tstone and
f ine- to med iumgrained sandstone;
the upper 25 m
cons ists of a
composite F. U.
sequence of vol
caniclastic con
glomerate, sand,
stone, and mud
stone

Volcaniclastic
sandstone and
mudstone interstrati fied wi th
a ir-fall volcanic
ash deposits

Reworked Pecten
fragments in
clast-supported
conglomerate at
the Curre locali ty

Pecten, foraminifera,
mollusc, gastropod,
abd echinoid shell
debris: Ophiomorpha
and horizontal burrows

Pecten, foraminifera, and rare
vertical and hori
zontal burrows

Absent

Notes:

C. U. = coarsening-upward; F. U. - f in ing-upward
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and Angostura reflect derivation from a source to the north and northeast.
The presence of interstrati fled debris flow breccia at Palma and erosively
based breccia units at Angostura with strata of member B suggest that vol
canism continued during deposition of member B and that some of the sedi
ment was introduced into the shallow marine environemnt by sediment gravity
glows.

Sediment was introduced into the deeper part of the basin at Pi las

by storm-generated waves and sediment gravity flows.

Progradational se

quences in a fan-delta complex in the southeastern part of the study area
at Curre are thicker, better-developed, and composed of texturally more
mature, feldspathic sediment than those to the northwest.

This suggests

a longer transport history followed by modification in the coastal environ
ment.

The transition zone from the subaqueous to the subaerial part of the

fan-delta system is represented by braided stream channel sequences that
cap coarsening-upward cycles of a subaqueous delta.
Evidence of a decreased local rate of sediment supply to the forearc
basin is present in nearshore sandstone units of Member C at Angostura.
These marine units show no evidence of upward coarsening, like that of
underlying cycles of member B, and are overlain by fluvial deposits that
reflect their deposition in close proximity to the coastline.

As the

sediment input to the basin declined, nearshore deposits were reworked
and redistributed with no appreciable coastal progradation such that,
locally, the shoreline appears to have remained stable throughout deposi
tion of the lower 60 m interval of member C.

The fluvial deposits in the

upper part of member C mark the transition from marine to nonmarine en
vironments and indicate renewal of progradation of the coastline.
Continuation of arc volcanism in the northwestern part of the study
area is indicated by aerially extensive volcanic ash deposits of member D
and by a thick debris flow breccia that underlies fluvial and lacustrine

55

deposits of member D from Santa Rosa to Angostura.

A similar breccia

unit underlies shallow marine deposits at Junctus de Pacuar and indicates
that progradation of fluvial systems did not reach that far southeast.
This period of arc volcanism in the upper part of the formation does not
appear to be represented in the Curre section.
The following model of sedimentation is suggested for deposition of
the Curre Formation during Middle and Upper Miocene time (Fig. 16):
1)

Terrestrial sedimentation occurred locally in the northwest
part of the study area and is represented by debris flow domin
ated pyroclastic fan breccias interstratified with braided
stream, lacustrine, and air-fall ash deposits;

2)

Marginal marine sedimentation in the northwest part of the study
area is recorded in deposits near the top of the section at
Angostura, where nearshore sandstones are overlain by fluvial
deposits. Marginal deposits are also found at Curre where sub
aqueous fan-delta lobes are overlain by braided stream channel
deposits;

3)

Shallow marine sedimentation occurred primarily along a narrow
island shelf bordering arc volcanoes. Pyroclastic fan and fandelta lobes prograded seaward during periods of active volcanism
when the sediment supply to the basin was rapidly increased. Off
shore to nearshore cycles of sedimentation are preserved in
coarsening-upward cycles near Angostura. At Pilas, storm-domi
nated offshore conditions prevailed whereas, at Palma, nearshore
conditions were dominant. At Curre, progradation of subaqueous
fan-delta deposits eventually filled an underlying deep-sea
channel;

4)

Deep-marine sedimentation near the base of the formation is re
presented by submarine channel deposits at Curre and Mollejones
and by marginal slope deposits at Pilas.

Sedimentation in the upper part of basin flanking island arcs is not
well documented due to poor core recovery in coarse, unconsolidated sedi
ment and to poor preservation or exposure in ancient sequences.

The

Curre Formation is similar to others deposited in near-arc settings (See
Sigurdsson, 1982 for a review) and indicates that, in island arcs, sedi
mentation is controlled primarily by explosive arc volcanism (Sigurdsson
—

— ' 1980)'

Large volumes of Py roclastic debris are introduced into
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flanking basins by 3 major processes, all of which were active during de
position of the Curre Formation:
2)

directly from air-fall, and 3)

l)

by sediment gravity flow mechanisms,
by fluvial transport.

In the Lesser Antilles Arc, the Grenada back-arc basin is influenced
primarily by sediment gravity flows with air-fall tephra concentrated in
the Atlantic forearc basin (Sigurdsson et^ al_, 1980).

Juvenile sediment

gravity flow deposits are numerous in the ancient record (Sigurdsson,
1982), as in this study.

The deposits are characterized by thick sedi

mentation units of graded to massive, generally matrix-supported, lithicrich volcanic debris.

Deposition of these units occurs on the flanks of

active volcanoes and in a variety of shallow- and deep-marine environments.
As demonstrated in this study, facies relationships and the presence of
marine fauna are important in distinguishing the environment of deposi
tion of these units.

Slumping of reworked, epiclastic, debris commonly

occurs independently of volcanism and is an important process in trans
porting sediment into the deep-marine environment (Sigurdsson, 1982).
These deposits are characterized by thick sedimentation units of graded
to massive, generally clast-supported, matrix-poor feldspatholithic
detritus (Cas, 1979).

The presence of shallow water fauna commonly in

dicates reworking in the shallow marine environment prior to transport
(Cas, 1979).
Direct fallout of ash from eruptive clouds, although ash deposits
are volumetrical ly minor in this study, is commonly a major process of
sediment transport to basins flanking active island arcs; air-fall and
dispersed ash deposits in the Atlantic forearc basin of the Lesser
Antilles Arc comprise 99% of the volcanogenic deposits (Sigurdsson et al ,
1980).

In this study, ash deposits occur in terrestrial deposits as thin
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layers.

The presence of devitrified glass shards in marine mudstones and

sandstones of this study probably indicates reworking and redistribution
of air-fall debris in the marine environment.
The third major mechanism of sediment transport into basins flanking
arcs is by fluvial systems.

Kuenzi et_ a]_ (1979) d iscuss the implications

of volcanic activity on fluvial-deltaic sedimentation along the coastal
plain of a modern arc-trench-gap of southwestern Guatemala.

Results of

their study and observations in this ancient sequence suggest that coast
line progradation, fan growth, and fluvial aggradation occur locally along
an active volcanic arc in response to an increased rate of sediment supply
during explosive eruptions.

As the rate of sediment supply declines due

to waning volcanism, sand is reworked along the shoreline to produce
destructive, low convexity arcuate deltas (Kuenzi et al, 1979)-

Wescott

and Ethridge (198C) discuss the importance of fan-delta deposits along
island-arc collision coasts.

Deposits described in the marine environment

of the humid region Yallahs Fan-Delta are similar to those described in
member B of this study.

TECTONIC IMPLICATIONS

Subduction began in southwestern Costa Rica following late Creta
ceous or early Tertiary fragmentation of the East Pacific Plate to form
the Caribbean and Farallon Plates (Malfait and Dinkelman, 1972).

Subduc

tion of the latter beneath the Caribbean Plate along the Middle America
Trench resulted in the development of the Middle America Magmatic Arc on
the western margin of the Caribbean Plate and was accompanied by forearc
basin sedimentation between the arc and the trench (Gal1i-Oliver, 1979).
Fragmentation of the Farallon Plate into the Cocos and Nazca Plates at 2526 m.y. B.P. (Hey, 1977; Lonsdale and Klitgord, 1978) coincides with the
encounter of the East Pacific Rise and the North America-Pacific Trench
(Handschumacher, 1978; Lonsdale and Klitgord, 1978).

Breakup of the

Farallon Plate was accompanied by a change from oblique to perpendicular
subduction of the Cocos Plate along the Middle America Trench (Hey, 1977;
Lonsdale and Klitgord, 1978).

An increased rate of convergence accompany

ing this change in plate direction is suggested by the increased rate of
motion of the Cocos Plate with respect to the North American Plate and
with respect to the Caribbean Plate from the late Oligocene to early Mio
cene time (R. H. Pilger, Jr. and P. J. Phillips, pers. comm.).

The rate

of the motion of the Cocos Plate with respect to North America continued
to increase through late Miocene time (R. H. Pilger, Jr. and P. J. Phillips,
pers. comm.).

Slowing or cessation of subduction in the region and local

uplift of the Terraba Trough in the late Pliocene of Pleistocene, is prob
ably associated with subduction of the aseismic Cocos Ridge at the Middle
America Trench (van Andel et_ aj_, 1971; Hey, 1977).
58

59

Middle and upper Miocene sedimentation and shoaling of juvenile vol
caniclastic deposits of the Curre Formation appear to be related to middle
and upper Miocene andestic volcanism and upper Miocene plutonism in the
Middle America Magmatic Arc.

It is suggested that this plutonism and

increased volcanic activity in the arc are related to the increased rate
of convergence of the Cocos Plate at the Middle America Trench.

Kennett

et_ aj_ (1977) suggest that major Cenozoic episodes of volcanism throughout
the Circum-Pacific region are related to changes in the rate of sea-floor
spreading and subduction and in the mode of subduction of plates at
trenches.
Two phases of andestic volcanism at 16.9 +- 2.5 m.y. and 8.3 +- O.A
m.y. and a major episode of upper Miocene calc-alkaline plutonism at
10.1 +
- 0.5 m.y. and 8.5 +
- 0.4 m.y. in the Middle America Magmatic Arc are
suggested by K-Ar radiometric dates on extrusive and minimum ages on
intrusive rocks in the Cordillera de Talamanca (Bellon and Tournon, 1978).
This coincidence between the similarity in ages and composition of the
volcanic and plutonic rocks coupled with deposition of juvenile volcani
clastic rocks of the Curre Formation during middle and upper Miocene time
strongly suggests that volcanism and plutonism within the arc were
contemporaneous with sedimentation in the forearc basin.

Shoaling of the

sequence is attributed to an increased rate of sediment input into the
basin in response to active volcanism in the arc.

CONCLUSIONS

Volcaniclastic rocks of the middle to upper Miocene Curre Formation
were deposited in a northwest-southeast trending forearc basin between
the Middle America Magmatic Arc and the Middle America Trench.

The

following conclusions are made based on petrographic and sedimentological
analysis of the Curre Formation:
1)

The Curre Formation is made up of first-cycle, quartz-poor,
lithic-rich sandstone, conglomerate, breccia, and mudstone
and volumetrically small amounts of volcanic ash.

2)

The sediment source for the volcaniclastic detritus was un
dissected volcanoes of the Middle America Magmatic Arc, today
represented by the uplifted and dissected Cordillera de Talamanca.

3)

The lack of temporal and spatial variation within the sedimentary
sequence suggests that the source rocks were homogeneous through
out deposition of the sediment during middle and upper Miocene
time.

4)

Anorthite content of detrital plagioclase from 22 samples analy
zed by electron microprobe range from An27 to An94.

Plagioclase

composition of 20 of these samples is between An30 and An55.
There is a slight decrease in An content of plagioclase rims upsection.
5)

Microprobe analyses of detrital clinopyroxene from 34 samples
indicate that the parent magmas were calc-alkaline.

6)

The Curre Formation is divided into 4 members, A through D from
the base upward.

Member A is composed of from 25 m to over 160 m
60

of sediment gravity flow breccia and conglomerate deposited in
deep-marine channel, marginal slope, shallow marine, and
terrestrial environments.

Member B is made up from 25 m to

250 m of shallow marine sandstone, conglomerate, and mudstone
deposited along a narrow island coast.

Member C is composed of

60 m of nearshore sandstone and siltstone overlain by at least
25 m of fluvial sandstone, mudstone, and conglomerate.

Member

D is composed of at least 20 m of fluvial and lacustrine sand
stone and mudstone interstratified with volcanic ash.
7)

The vertical succession of members A-B-C-D records shoaling of
the sequence from deep-sea to shallow marine and, locally, ter
restrial deposits during the middle and upper Miocene time.
Shoaling is attributed to a rapid rate of sediment input into
the basin and is probably related to a major middle and upper
Miocene volcanic and plutonic episode in the Middle America
Magmatic Arc.

Active volcanism and plutonism in the arc are pro

bably related to the increased rate of convergence of the Cocos
Plate at the Middle America Trench following lower Miocene break
up of the Farallon Plate into the Cocos and Nazca Plates.
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TABLE A-1.

Modal analyses of sandstone samples of the Curre Formation

DFG * Detrital Framework Grains, IM - Interstitial Matrix O ther = biogeniccomponetsorunidentifiable
g r a n s; D F G , IM. and Other are volume percents of the Total Points counted.
p=p
l
adioclase,cpx=clinopyroxene,Op=Q=
opaqueminerals,L=lithicf
quartx,
ragments,v=v
i
t
r
ic-texturedcolcaniclithigs,m=microlitic-texturedvolc
K
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=l
a
=
t
h
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potassium
aniclithics,Ls=phylosilicatecement,Fe0x=ironoxidecement,O
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feldspar,
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nprepertation.

APPENDIX II

Described Stratigraphic Sections
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Figure A-l.

Location map of measured sections
sample localities.
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SANTA ROSA SECTION
LOCATION:

Nine km northwest of San Isidro or 3 km northwest of
Santa Rosa along the Rio Pacuar (See Fig. A-1, Loc. 31,
30, 32, 33, 34, 26, 25, 27, 28)

MAP SHEET:

Savegre 1:50,000 MAP GRID = 373/488

EXPOSURE:

Well-exposed in stream outcrops and marginally
we 11-exposed in roadcuts

DESCRIPTION:

See following pages and descriptions of lithofacies
A 1 and D1 in text

INTERPRETATI ON: Extremely thick, clast- to matrix-supported breccia or
juvenile volcanic clasts deposited on the flanks and
between active volcanoes. Units are interstratified
with clast-supported conglomerate and with thin, lami
nated sandstone and volcanic ash beds that are inter
preted as fluvial and lacustrine deposits, respectively.
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LOCALITY 25;

Roadcut 2,5 km northwest of Santa Rosa

Coarse-grained to conglomeratic
plagioclase and vitric-rich sand
stone

Interbedded vitric-rich, commonly
normally graded sandstone layers,
from 0.5 cm to 10 cm thick, and
volcanic ash layers, from 0.1 cm
to 5 cm thick; no evidence of
traction structures, scour, or
fossi1iferous material

Polymictic debris flow breccia;
matrix-supported volcanic clasts
include porphyritic and aphantic
volcanic clasts up to 30 cm in
diameter; matrix is poorly-sorted
and contains granules

LOCALITY 27:

Streamcut 0.75 km northwest of Santa Rosa
along the Rio Pacuar

At least
units of
volcanic
ash-rich

2 debris flow breccia
matrix-supported vitric
clasts in a purplish
matrix
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LOCALITY 31:

10.2 km northwest of Santa Rosa

Roadcut with an exposure of a weathered matrix-supported
ash flow unit that is at least 2 m thick

LOCALITY 30:
ie„

8. A km northwest of Santa Rosa
Debris flow breccia with maximum clast
diameter of 0.6 cm
Purplish, weathered lava flow with plag
ioclase phenocrysts; irregular lower
contact and sharp upper contact
Matrix-supported debris flow breccia
with abundant pumice clasts and porpphyritc volcanic clasts up to 2.0 cm
in diameter; weathered to reddish brown

LOCALITY 32:

Roadcut near the town of Rio Nuevo, 5 km northwest of
Santa Rosa
1 m thick outcrop of weathered piagioclase-rich sandstone
Sample 32-1

LOCALITY 33:

Roadcut at Quebrada Carolina, 4 km northwest of Santa Rosa
6 m thick exposure of at least 2 debris flow breccia units,
maximum clast diameter = 4 cm; weathered purple

LOCALITY 3A:

Roadcut 3 km northwest of Santa Rosa
weathered outcrop of clast-supported conglomerate with
abundant plagioclase and angular to subrounded volcanic
clasts; the upper 2 m appears stratified and probably
indicates that the unit was deposited by currents

LOCALITY 26:

Roadcut 2.4 km northwest of Santa Rosa
weathered porphyritic dike with plagioclase pheneocrysts;
dark blue when fresh

LOCALITY 28:

Streamcut 1.75 km northwest of Santa Rosa
along the Rio Pacuar

Clast-to matrix-supported debris
flow breccia units; matrix rich
in volcaniclastic sand, mud, and
granules; poorly-sorted, angular
volcanic clasts make up 35% of
the clasts; 5% of the clasts are
made up of volcaniclastic mud
stone and sandstone (Sample 8-8);
MPS volcanic clasts = 15 cm; MRS
shale clast = 1.1 m; units are
normally graded from cobble
breccia at base to coarse-grained
sandstone or granule breccia at
top
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Debris flow breccia
interstratified with
clast-supported conglo
merate and medium- to
coarse-grained sandstone

100

Matrix-supported debris
flow breccia intruded
by a porphyritic dike

Meters

Clast- to matrix sup
ported debris flow
breccia interstratified
with medium- to coarse
grained sandstone and
conglomerate. Breccia
units contain imbricated
clasts at the base of
flow units. Poorlysorted volcanic clasts
are set in a volcani
clastic matrix with up
to 20% augite crystals.
Interstratified conglo
merate and sandstone
beds contain carbonized
wood fragments, Pecten,
Ophiomorpha burrows, and
foraminifera. Units show
trough cross-stratifica
tion, flat-lamination,
and bioturbation.

PALMA SECTION
LOCATION:

Approximately 3 km northwest of Palma along the
road toward the village of Roble (Fig. A-1 , Loc.
12, 1 , and 6).

MAP SHEET:

San Isidro 1:50,000

EXPOSURE:

Well-exposed along the Rio Pacuar southeast of
Roble to Q. Guaria to the southeast; well-exposed
in the roadcut to the northeast of the bridge over
the Rio Pacuar at Palma.

DESCRIPTION:

See following pages and descriptions of lithofacies
A 1,
, and D2
1
B

INTERPRETATION:

In the lowest 100 m of the section, debris flow
breccias are interstratified with shallow marine
sandstone and conglomerate; in the upper part of
the section, debris flow breccia units are interstratified with fluvial and air-fall ash deposits.

MAP GRID = 369/491

Moderately well-sorted, trough
cross-bedded, feldspathic sand
stone interstratified with
maroon mudstone and blue to
white, air-fall ash beds. Many
of the sandstone beds contain
weathered vitric clasts. Mud
stone beds are poorly-sorted and
lack marine fossils.

Debris flow breccia with a vol
canic clasts up to 8 cm in dia
meter.

Approx. 250 m
missing
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ANGOSTURA SECTION
LOCATION:

3 km southeast of Angostura along Rio Pacuar
(Fig. A-l, Loc. 70, 2).

HAP SHEET:

Repunta 1:50,000

EXPOSURE:

Well-exposed along Rio Pacuar beneath the bridge
and for about 0.5 km upstream; moderately wellexposed on the road leading up from the bridge
toward Angostura; the Curre Formation is unconformably overlain by gravels of the Brujo Fm.
about 1 km southeast of Angostura.

DESCRIPTION:

See following pages and descriptions of litho
facies
and D2 and member C in text

INTERPRETATION:

The lower 100 m of the section is made up of
coarsening-upward cycles of shallow marine
deposits (B1). The overlying 85 m thick sequence
of member C contains shallow marine deposits overlain by fluvial deposits. Fluvial deposits and
interstratified debris flow and volcanic ash deposits
of D^ cap the sequence.

MAP GRID = 358A99
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At least 2 coarsening-upward
cycles of bioturbated mudstone
and f1at-1aminated sandstone
at the base passing upward
into medium to thick beds of
f lat-laminated to trough crossstratified medium- to coarse
grained sandstone and conglo
merate. These units contain
foraminifera, Pecten, vertical
burrows, and palm-like roots,
nuts, and wood chips. They
are poorly-sorted and contain
angular to subrounded volcanic
clasts. They are commonly interstratified with erosively-based ,
clast-supported breccia beds.
The interval from 91~98 m is
truncated by a fining-upward
channel sequence of conglomerate
and trough cross-bedded sand
stone .

Coarsening-upward cycles of off
shore bioturbated mudstone pass
ing upward into current-deposited
cross-laminated siltstone and fine
grained sandstone that passes up
ward into trough cross-bedded medium
grained sandstone. Sample 70-5 con
tains forams from the Terraba-Curre
transition zone (M. C. Crouchet,
pers. comm.) that are lower Middle
Miocene in age.
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A composite fining-upward
cycle of poorly-sorted, erosively based conglomerate at
the base passing upward into
trough cross-stratified, med
ium-grained sandstone. Beds
are commonly separated by thin
to thick beds of tan to black
unfossi1iferous mudstone.

Carbonaceous siltstone inter
bedded with fine- to medium
grained sandstone. These units
contain Pecten, foraminifera,
and horizontal and vertical
burrows. They are massive or
show flat-laminations, cross
laminations, and trough cross
stratification.

100
Meters

8l

BRUJO FM.
Tan to brown weathered feld
spathic sandstone with pumice
clasts up to 1 cm in diameter

Red, brown, and tan weathered
mudstone and ash beds
Weathered debris flow breccia
with brown to red volcanic
clasts in a muddy matrix
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MOLLEJONES SECTION
LOCATION:

Approximately 0.5 km northwest of Mollejones or 1.75 km
south of Reyes along the new extension of the Interamerican Highway (Fig. A-1 , Loc. 5, 3)

MAP SHEET:

Repunta 1:50,000 MAP GRID = 354/502.5

EXPOSURE:

Well-exposed in roadcut along the highway; another
exposure is present 0.5 km south of Reyes

DESCRIPTION:

See following page and description of lithofacies A 1
in text

INTERPRETATION: Overall fining and thinning upward of sediment gravity
flow breccias and interstratification with turbidites in
the upper part of the sequence suggests deposition in a
deep-marine channel
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135-1
Thick sedimentation units, from
0.7 m to 10 m thick, of poorlysorted, angular volcanic clasts
in a fine-grained matrix; units
are generally clast-supported
and show normal grading from
granule or pebble breccia at the
base to coarsen-grained sandstone
at the top; many contain carbonized
woody fragments and clasts up to
7 cm in diameter; pumice clasts,
plagioclase, and aphanitic-por3-9 phyritic volcanic clasts are
abundant; units are often inter
bedded with fine-grained, flatlaminated sandstone beds; upward
in the sequence, these units are
interstratified with turbidites
showing
and
a
T
divisions
b
T

5_2

Approx. 100 m
of section
missing

Meters

3-2

JUNCTUS DE PACUAR SECTION
LOCATION:

0.5 km southeast of J. Pacuar beneath bridge
over Rio General (see Fir. A-l, Loc. 4 , 10)

EXPOSURE:

Well-exposed in stream outcrops

DESCRIPTION:

See following pages and description of lithofacies
in text

INTERPRETATION:

Fossi1iferous, current-deposited to bioturbated
sandstone interstratified with a debris flow
breccia probably deposited on a narrow island
shelf bordering arc volcanoes
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LOCALITY b

Sandstone bed composed of ash-rich
layers and layers of accretionary
lipil l i

Poorly-sorted, greenish gran, bio
turbated to flat-1aminated sandstone.
Carbonized plant fragments and verti
cal burrows (0.5 cm in diam.), are
locally abundant.

LOCALITY 10

Subangular to subrounded, moderately
well-sorted, medium- to fine-grained
sandstone. Sandstone beds are flatlaminated to bioturbated and contain
mollusc fragments, vertical burrows,
and carbonized woody material

Matrix-supported debris flow breccia;
MPS volcaniclast = 6 cm.
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PILAS SECTION
LOCATION:

1.75 km northeast of Pi las along Rio Concepcion
(Fig. A-l, Loc. 60 and 62)

MAP SHEET:

General 1:50,000

EXPOSURE:

Well-exposed along streamcuts of Rio Concepcion
for about 2 km; the sequence is locally folded
and faulted

DESCRIPTION:

See following pages and description of lithofacies
A 1 and
in text
1
B

INTERPRETATION:

The lower 160 m of the section is made up of bioturbated
mudstone, debris flow breccia, and sharp-based flatlaminated to graded sandstone beds that are interpreted
as marginal slope deposits; the upper 60 m of the sec
tion is made up of bioturbated mudstone and sharp-based,
flat-laminated sandstone that show an overall coarsen
ing-upward trend; these units were probably deposited
in an offshore shelf setting where sand was primarily
introduced by storms.

MAP GRID = 338.5/527

Interbedded units of mudstone,
breccia, and fine- to medium
grained sandstone. Dark grey mud
stone beds are thin- to thick- bedded,
poorly-sorted, and horizontally
burrowed. Locally, they contain
foraminifera and carbonaceous mater
ial. Interbedded sandstone units are
thin- to thick-bedded with sharp
lower contacts and sharp to burrowed
upper contacts. These units contain
abundant shallow water fauna includ
ing Pecten, gastropods, and foram
inifera. Horizontal burrows up to
2 cm long and carbonized wood frag60-8mentS are comrnon' The sandstone beds
show normal grading and flat-lamin
ations; others are massive. Local
beds of trough cross-bedded, mediumto coarse-grained sandstone show
scoured bases. Interstratified breccia
units are clast- to matrix-supported
and contain poorly-sorted angular
volcanic clasts up to 22 cm in
diameter set in a poorly-sorted
volcaniclastic matrix. Many of the
breccia units are scoured or injected
into underlying mudstone beds. Breccia
beds are up to 8 m thick.
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200

—,
Interbedded fine- to medium
grained sandstone and bioturbated
mudstone and siltstone. Debris flow
breccias are absent, but one clastsupported breccia unit is present.
Mudstone bed at approximately 170 m
is intruded by a porphyritic dike.
Sandstone beds are thin- to thickbedded and are flat-laminated to
burrowed. Sandstone and mudstone
beds contain foraminifera, Pecten,
and carbonized woody debris.

60-9

Meters

Meters
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CURRE SECTION
LOCATION:

Approximately 1.25 km south of Q. Curre on the
Interamerican Highway in the valley of Rio
Terraba

HAP SHEET:

Changuena, Coto

MAP GRID:

325- 5/543

EXPOSURE:

Poor to moderately well-exposed in roadcut along
the highway

DESCRIPTION:

See following pages and descriptions of lithofacies
A^ and
in text

INTERPRETATION:

Thick sediment gravity flow conglomerate beds deposited
in a submarine channel; these units are interstratified
upward and overlain by shallow marine sandstone and con
glomerate beds that represent a prograding fan-delta
comp 1ex.

Brus, General, Cabagra 1:50,000
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Thick beds of greenish-gray,
spheroidally weathered, pebble
and granule conglomerate; units
are clast-supported and contain
subangular to rounded volcanic
clasts and Pecten and carbon
ized wood fragments. Beds aver
age 3 m thick and commonly show
normal grading; others are mas
sive; MPS=5 cm in diameter.

Medium- to coarse-grained
sandstone and granule con
glomerate turbidites with
Ta and Tb subdividion;
interbedded with sparsely
fossi1iferous, black shale
beds.
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9A

Coarsening-upward cycles commonly
capped by fining-upward cycles.
C.U. cycles are 10 to over 50 m
thick and consist of medium- to
thick beds of bioturbated mudstone
and flat-laminated sandstone at
the base passing upward into
medium to very thick beds of
medium- to coarse-grained sand
stone and conglomerate that show
flat-laminations and trough to
tabular cross-stratification.
Units contain poorly-sorted to
moderately well-sorted, subang
ular to rounded grains. F. U.
cycles are made up of conglom
erate at the base passing up
ward into cross-bedded, mediumto coarse-grained sandstone.
Locally, beds contain Ophiomorpha burrows, Pecten, foram
inifera, and carbonized wood
fragments
Interbedded medium-grained sand
stone with lenticular beds of
clast-supported conglomerate.
Sandstone beds are moderately
well-sorted and show flat-lamin
ations or tabular to trough
cross-stratification, Conglomerate
beds are composed of well-sorted
and rounded pumice clasts.

95

Well-exposed outcrop with ex
tensive calcite replacement;
at least 3 coarsening-upward
cycles of subangular to sub
rounded, fossi1iferous sand
stone and conglomerate are
present; Ophiomorpha burrows,
foraminifera, and Pecten ,
echinoid, and oyster frag
ments are locally abundant;
F. U. cycle is scoured into
underlying trough crossbedded, medium-grained sand
stone. It is made up of a
thick bed of granule to
pebble conglomerate at the
base that is at least 70 cm
thick; the conglomerate fines
upward to trough cross-bedded,
medium-grained sandstone.
This thick bed is overlain by
at least 2 thick beds of med
ium- to coarse-grained, crossbedded to bioturbated sand
stone that contains marine
fossils. It is capped by a
thick bed of tangentially
based foreset beds.

A.
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Badly sheared outcrop of pale
gray to dark brown and black,
fossiIiferous mudstone inter
bedded with thin lenticular
granule conglomerate and
laterally continuous fine
grained sandstone beds that
appear massive.

52-6 (ash bed)

*Foram dates are lower Middle Miocene (M. C,
Crouchet, pers. comm.)
ferraba Fm.
Curre Fm.

52-A

52-3
52-2

Approx.
125 m
missing

Badly weathered outcrop of
medium-grained sandstone
and conglomerate in a C. U.
cycle capped by a F . U.
cycle.

97

Poorly exposed spherodially
weathered outcrops of greenishgray, 1ithofe1dspathic sand
stone. Beds range from AO cm
to over 2 m thick and commonly
contain foraminifera and car
bonized wood fragments. Beds
show flat- ripple cross-laamina
tion and trough cross stratifica
tion.

55-2

Meters
Approx. 210 m
Missing
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Spheroidally weathered outcrop of
greenish gray, mudstone- to coarse
grained 1ithofeldspathic sandstone
and granule conglomerate; units con
tain foraminifera locally. Units
are thick-bedded and show-flatlamination and trough cross stratifi
cation.

950 _

9*40 _
Meters
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Meters
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